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BACKGROUND OF THE INVENTION 



5 1. Field of the Invention 

The present invention relates generally to a system and method for managing an 
auction. More specifically, a system and method for matching multi-attribute auction 
bids to maximize an overall surplus are disclosed. 

10 2. Description of Related Art 

In many conventional auctions, both online and off, an auction mechanism 
manages negotiations between a single seller and multiple buyers, for example, for a 
particular good or service in a given transaction. The good or service is typically 
completely defined such that price of the good or service is the only variable and thus the 



The use of online auctions as a dynamic pricing mechanism for purchasing and 
selling goods and services has recently experienced a significant boom, resulting in the 
creation of new commerce channels. Online auctions offer real-time, on-the-fly matching 
of prices to market conditions while, to a large extent, eliminating barriers of time and 



In some cases, a buyer and/or a seller may wish to negotiate non-price attributes 
of the good or service, particularly in business-to-business transactions. The price of the 
good or service may be dependent at least in part upon these non-price attributes. Such 



15 



only negotiable attribute. 



20 



geography. 
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multi-attribute negotiation or auction may be particularly useful and beneficial in, for 
example, procurement transactions. Further, such multi-attribute or multidimensional 
negotiation or auction may be among multiple sellers and multiple buyers. However, 
conventional online auction mechanisms do not provide for collection of multi-attribute 
5 bids from buyers and sellers nor do they provide for optimal clearing of such multi- 
attribute buyer and seller bids. 

What is needed is a system and method for allowing systematic and simultaneous 
negotiation in multiple dimensions. It is desirable to provide a system and method for 
collecting multi-attribute bids from buyers and sellers. Ideally, each attribute of the bid 
10 collected from buyers and sellers is specified in relation to a uniform quantification unit. 
It is further desirable to provide a system and method for automated clearing of the multi- 
attribute buyer and seller bids to result in an optimal matching of buyer and seller bids. 



SUMMARY OF THE INVENTION 

15 A system and method for matching multi-attribute auction bids to achieve an 

overall optimal matching of seller and buyer bids are disclosed. The system and method 
provide for collection of multi-attribute bids from buyers and sellers and for automated 
clearing of the bids to result in an optimal matching of buyer and seller bids. It should be 
appreciated that the present invention can be implemented in numerous ways, including 

20 as a process, an apparatus, a system, a device, a method, or a computer readable medium 
such as a computer readable storage medium or a computer network wherein program 
instructions are sent over optical or electronic communication lines. Several inventive 
embodiments of the present invention are described below. 
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The method of matching at least one multi-attribute bid from one or more buyers 
and at least one multi-attribute bid from one or more sellers generally comprises selecting 
a pair of bids having a highest surplus between each buyer and each seller, generating a 
weighted bipartite graph comprising buyer nodes and seller nodes and an edge between 
each buyer node and each seller node, each edge having the highest surplus of the pair of 
bids between the buyer and seller as a weight, and determining maximal weighted 
matching bids from the highest surplus pairs of bids using the weighted bipartite graph. 

Preferably, each buyer or seller is associated with at most one maximal weighted 
matching bid. In one embodiment, selecting the highest surplus pair of bids includes 
determining a value associated with each bid of a buyer and each bid of a seller. The 
highest surplus of a pair of bids between each buyer and each seller may be a highest 
difference between the value of each bid of the buyer and the value of each bid of the 
seller. 

In another embodiment, the method may include collecting at least one multi- 
attribute bid from one or more buyers and at least one multi-attribute bid from one or 
more sellers, each bid having a plurality of attributes specified by a buyer or seller. Each 
bid may also include one or more predetermined attributes, such as buyer credit rating or 
seller reliability. The plurality of attributes are preferably specified relative to a uniform 
measurement unit, such as a monetary unit. 

According to another embodiment, each bid has a price associated therewith, 
preferably expressed in terms of the uniform measurement unit. Selecting the highest 
surplus pair of bids between each buyer and each seller may include determining a 
difference between the price of each buyer bid and the price of each seller bid. 
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In yet another embodiment, a dynamic trading method comprises collecting at 
least one set of multi-attribute bid values from one or more buyers and at least one set of 
mult i -attribute bid values from one or more sellers, generating buyer bids from the set of 
buyer multi-attribute bid values and seller bids from the set of seller multi-attribute bid 
values, and selecting a pair of compatible bids between each buyer and each seller, the 
pair of bids having a highest difference in bid values. 

A method of generating multi-attribute bids is also disclosed. The method 
comprises collecting at least one set of multi-attribute bid values, each set having a set of 
nominal attribute values including a nominal bid value and at least one variance to the 
nominal attribute value of at least one attribute and a corresponding variance relative to 
the nominal bid value. The method may further include generating a set of bids for each 
set of multi-attribute bid values, each bid having a different combination of attribute 
values based on corresponding variances and nominal attribute values, and generating a 
bid value for each bid based upon the combination of attribute values. The method may 
also include collecting at least one set of multi-attribute bid values from a buyer and 
collecting at least one set of multi-attribute bid values from a seller, the buyer and seller 
having a same set of attributes. At least one of the attributes may be a predetermined 
buyer attribute and/or a predetermined seller attribute. Further, the method may include 
collecting a bid value limit such as a minimum bid value and/or a maximum bid value 
such that bids having a bid value outside of the bid value limit may be discarded. 

Computer program products for implementing the methods described herein are 
also disclosed. 
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These and other features and advantages of the present invention will be presented 
in more detail in the following detailed description and the accompanying figures which 
illustrate by way of example the principles of the present invention. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, wherein like reference 
numerals designate like structural elements, and in which: 

FIG. 1 is a schematic of an auction system utilizing an auctioning system and 
10 method; 

FIG. 2 is an example of a seller input screen in which a seller may submit or 
specify a set of exclusive multi-attribute bids; 

FIG. 3 shows an example of a buyer input screen in which a buyer may specify a 
set of exclusive multi-attribute bids, including variances to nominal attribute values in 
1 5 relation to nominal price; 

FIG. 4 is an example of a listing of all the attributes of the input screen of FIG. 3 
and corresponding variance in price relative to nominal price; 

FIG. 5A is a flow chart illustrating a process for the automated market system to 
collect and periodically clear bids from buyers and sellers; 
20 FIG. 5B is a flow chart illustrating a process for the automated market system to 

collect and continually clear bids from buyers and sellers; 

FIG. 6 is a flow chart illustrating the step of collecting offers or bids from buyers 
and sellers; 
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FIG. 7 is a flow chart illustrating the step of determining the best match between 
each buyer and each seller; 

FIG. 8 is a schematic of an example of a weighted bipartite graph; 

FIG. 9 is a schematic of an example of a maximal weighted matching; 

FIG. 10 is a flow chart illustrating the step of outputting the optimal buyer-seller 
matches. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

A system and method for matching multi-attribute auction bids to achieve an 
overall optimal matching of seller and buyer bids are disclosed. The following 
description is presented to enable any person skilled in the art to make and use the 
invention. Descriptions of specific embodiments and applications are provided only as 
examples and various modifications will be readily apparent to those skilled in the art. 
The general principles defined herein may be applied to other embodiments and 
applications without departing from the spirit and scope of the invention. Thus, the 
present invention is to be accorded the widest scope encompassing numerous alternatives, 
modifications and equivalents consistent with the principles and features disclosed 
herein. For purpose of clarity, details relating to technical material that is known in the 
technical fields related to the invention have not been described in detail so as not to 
unnecessarily obscure the present invention. 

FIG. 1 is a schematic of an auction system 100 generally comprising one or more 
buyers 102, one or more sellers 104, and a market system 110. The buyers 102 and the 
sellers 104 are in communication with the market system 1 10 via a network 1 12. The 
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network 112 may be the Internet, an intranet, or an extranet, for example. An extranet 
may be a private network connection provided exclusively among two or more parties 
such as dealers, wholesalers, resellers, or suppliers. 

The buyers 102 may submit multi-attribute bids to the market system 1 10 via the 
network 1 12. Similarly, the sellers 104 may submit multi-attribute bids to the market 
system 1 10 via the network 112. A multi-attribute bid is one in which the party 
submitting the bid may specify a plurality attributes of the good or service being 
exchanged. The plurality of attributes specified preferably includes a price as well as 
other attributes of the good or service. The attributes specified may include various 
quality characteristics of the good or service, the time and location of delivery, the 
quantity, and/or a nominal or baseline price. For example, in the case of a semiconductor 
chip, quality characteristics such as feature size, speed, power consumption, operating 
temperature, expected life, warranty, and/or other quality characteristics may be specified 
by the buyer and/or the seller. 

The market system 110 collects the multi-attribute bids from the buyers 102 and 
sellers 104, processes the bids to match buyer bids to seller bids, and outputs the resulting 
matching bids to the buyers 102 and sellers 104 over the network 112. The functions and 
methodologies for the market system 110 will be described in more detail. 

As shown in FIG. 1, there may be one or more buyers 102 and there may one or 
more sellers 104. Further, the number of buyers 102 need not equal the number of sellers 
104. For purposes of discussion and clarity only, a buyer refers to a purchasing party and 
a single set of exclusive multi-attribute bids associated with that purchasing party. The 
set of exclusive multi-attribute bids refers to bids from which at most one bid may be 
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matched to a seller bid. For each additional set of exclusive multi-attribute bids 
associated with the purchasing party, the purchasing party and that set of bids are defined 
as a separate buyer. Similarly, a seller refers to a selling party and a single set of 
exclusive multi-attribute bids associated with that selling party. For each additional set of 
5 exclusive multi-attribute bids associated with the selling party, the selling party and that 
set of bids are defined as a separate seller. 

In the example shown in FIG. 1, Buyers A, B, C, and D 102 represent one, two, 
three, or four separate purchasing parties submitting four sets of exclusive multi-attribute 
buyer bids. Similarly, Sellers A, B, and C 104 represent one, two, or three separate 

10 selling parties submitting three sets of exclusive multi-attribute seller bids. 

FIG. 2 is an example of an input template or screen 200 in which a seller may 
submit or specify a set of exclusive multi-attribute bids or a set of multi-attribute values 
for generation of exclusive multi-attribute bids. The input screen 200 allows the seller to 
specify six predefined attributes of the good or service offered. The input screen 200 

1 5 shown is merely illustrative of information which may be requested of a seller by the 
market system and the actual input screen may be in any other configuration or format. 

The illustrative predefined attributes listed in the Attribute column of the input 
screen 200 are Quality 1, Quality 2, Time, Delivery, Buyer Credit Rating, and Price. The 
seller specifies one or more values for each attribute. An input screen similar to the input 

20 screen 200 shown in FIG. 2 but having the Buyer Credit Rating attribute replaced by a 
Seller Reliability attribute, for example, may represent an input screen for a buyer in 
which a buyer may submit a set of exclusive multi-attribute bids. 
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In the example shown in FIG. 2, the seller specifies a value of 6 or greater for 
Quality 1 , a value of 8 for Quality 2, a time for delivery of 30 or more days, a delivery 
destination in San Francisco, a buyer credit rating of 6, and a price of 60. Each of 
Qualities 1 and 2 may represent any quality of the good or service that can be specified 
5 by a numerical quantity such as quantity, size or weight or by a non-numerical or 
descriptive term such as color or shape. 

In the case of a positive quantity attribute, i.e., an attribute specified by a 
numerical quantity where a higher numerical quantity represents a better product or 
service, the market system may set by default or automatically assume that a value 
10 specified by the seller includes all lesser values and that a value specified by the buyer 
includes all greater values. For example, if Quality 2 is a positive quantity attribute, by 
specifying a value of 8 for Quality 2, the seller is in effect specifying 8 or less. Similarly, 
assuming a higher Buyer Credit Rating is a better credit rating and thus a positive 
quantity attribute, where the seller specifies a Buyer Credit Rating of 6, the seller is in 
1 5 effect specifying 6 or greater. 

Conversely, in the case of a negative quantity attribute, i.e., an attribute specified 
by a numerical quantity where a lower numerical quantity represents a better product or 
service, the market system may set by default or automatically assume that a value 
specified by the seller includes all greater values and that a value specified by the buyer 
20 includes all lesser values. 

A value specified for a given attribute may thus be deemed to be a minimum or 
maximum value of that attribute, depending upon whether the attribute is a positive or 
negative quantity attribute. However, the input screen may allow the buyer and seller to 
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override any defaults or automatic expansions of the set of exclusive bids or the market 
system may not provide any automatic expansion of the set of exclusive bids. In the 
example shown, the price of the good or service is constant over the range of all possible 
attribute values. Thus, all bids of the multi-attribute set of bids submitted or input by the 
5 seller in input screen 200 have the same price of 60. 

The market system may not automatically expanded certain attributes, such as 
delivery destination or time for delivery. In particular, a higher value of certain attributes 
or qualities may not necessarily correspond to a better or worse product or service. For 
example, for inventory considerations and/or perishable items, an earlier or later delivery 
10 time may not uniformly increase or decrease the overall value or quality of the good or 
service for either a seller or a buyer. 

The market system may also allow inputs of price variations as a result of 
variances to the values of attributes. FIG. 3 shows an example of an input template or 
screen in which a buyer may specify a set of exclusive multi-attribute bids, including 
1 5 variances to nommai-attribute^values in relation to the nominal price. The illustrative 
input screen 300 allows variable pricing and is more expansive than the simpler input 



screen 200 shown in FIG. 2. 

The input screen 300 allows tKe'sellento/specify a nominal set of values for the 



predefined attributes, including a nominal prife, in the Nominal Value column. In 
20 addition, input screen 300 allows the seller \b specify variances to the nominal attribute in 
the Variances column, if desired. Preferably, the variances are specified relative to the 
nominal price. The nominal price as well as the variances specified relative to the 
nominal price are preferably specified/n terms of a uniform measure. More preferably, 
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the uniform measure is a 



measurement, such as U.S. dollars or any other 




P 



In the example shown, the input screen 300 allows the buyer to specify nine 
predefined attributes of the good or service offered. The illustrative predefined attributes 
5 listed in the Attribute column are Quality 1, Quality 2, Time, Delivery, Seller Reliability, 
Attributes Ai, A 2 , A3, and Nominal Price. The buyer specifies a nominal value for each 
attribute other than price in the Nominal Value column and a nominal price based on the 
nominal values of the non-price attributes. An input screen similar to the input screen 
300 shown in FIG. 3 but having the Seller Reliability attribute replaced by a Buyer 
10 Credit Rating attribute, for example, may represent an input screen for a seller in which a 
seller may submit a set of exclusive multi-attribute bids. 

The variances to the attributes may be expressed in a number of ways and need 
norvary linearly relative to price. In the example/shown in FIG. 3, the seller specifies a 
nominal value of 5 for Quality 1 and the variances to Quality 1 are such that each unit of 
decrease in the value of Quality 1 results in/an increase of 10 in price relative the nominal 
^iceofToO^^ to a maximum increase Jf 20 for any lower value of Quality 1 . In this 
^^mplerQuality 1 is a negative quantity attribute, such as features size for a 
semiconductor chip, i.e. a lower numerical quantity represents a better product or service. 
Thus, if the minimum value of Qilality 1 is 1, then Quality 1 values of 1, 2, or 3 all result 
20| in an increase of 20 relative to tne nominal price of 100. Further, by not specifying 
^ values of Quality 1 greater tlpn 6, the market system preferably deems that all bids 
\ having values greater than/6 of Quality 1 would not satisfy or match the set of bids 



represented by the inpuyscreen 300. 
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In addition, substituting the nominal value of X for Attribute Ai with X\ increases 
the price by 4 relative to the nominal price of 100 and substituting with X 2 decreases the 
price by 3 relative to the nominal price of 100. Further, the buyer may also specify a 
price limit. For example, the buyer may specify a minimum price of 70 and/or a 
maximum price of 150. Thus, if a combination of values for the attributes results in a 
price outside of the price limit, i.e. greater than the maximum price, the market system 
preferably sets the price as 150. Similarly, if a combination of values for the attributes 
results in a price less than 150, the market system may deem the price to be 150. 
Alternatively, the market system may discard a combination of values that results in a 
10 price outside of the limit(s), e.g. exceeding the maximum price and/or falling below the 
minimum price. For example, the market system may by default and/or the buyer may 
specify that any bid having a price greater than 150 is set to 150 while any bid having a 
price less than 70 is discarded. 

The above examples include a buyer credit rating attribute for the seller input 
1 5 screen and a seller reliability attribute for the buyer input screen. The buyer credit rating 
and the seller reliability attributes are preferably pre-assigned by the market system to 
each buyer and seller, respectively. For example, the buyer credit rating may be a rating 
assigned by reference to a third-party source such as DUN & BRADSTREET. 
Alternatively or additionally, each buyer or seller may favor or disfavor specific sellers or 
20 buyers by either including or excluding specific sellers or buyers from the set of bids or 
by increasing or decreasing the price relative to the nominal price depending upon the 
specific seller or buyer. 
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FIG. 4 shows a listing 400 of all the attributes of the input screen 300 of FIG. 3 at 
their nominal values and variances relative to the nominal price of 100. Although the 
market system may or may not generate such a listing, the listing 400 represents 
expansions of the input screen generated by the market system and facilitates in 
understanding and appreciating the flexibility and versatility of the multi-attribute bid 
system. 

The listing 400 of FIG. 4 expands the input screen 300 of FIG. 3. For example, 
the only delivery time periods listed are from after 9/15/99 to 10/1 1/99 and from 10/12/99 
to 10/15/99. Thus, the only delivery time that would match or be compatible with the 
buyer bid is from after 9/15/99 to 10/1 1/99 at the nominal price or between 10/12/99 and 
10/15/99 at 8 units below the nominal price. The listing 400 essentially lists all values of 
the attributes that are required for a seller bid to match the buyer bid. At most one of the 
possible bids may be subsequently selected as a matching bid to be cleared, as will be 
described in more detail below. 

The market system may periodically or continually clear bids. In a periodic 
clearing mechanism, all buyer and seller bids submitted during a certain time period are 
collected, processed and cleared. In a continual clearing mechanism, each time a new bid 
from a seller or a buyer is submitted, the market system processes and attempts to clear 
the new bid. Each of these clearing mechanisms is described below with reference to 
FIGS. 5A and 5B. 

FIG. 5A is a flow chart illustrating a process 500 for the automated market 
system to collect and periodically clear bids from buyers and sellers. The market system 
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executes process 500 each time a periodic clearing occurs, rather than each time a new 



bid is submitted. 




All buyer and seller offers or bids submitted during a certain time period are 
n collected in step 502. Any pre-assigned attributes are added to the offers in step 504. For 
5 example, buyer credit ratings may be assigned to each buyer and/or seller reliability 
ratings may be assigned to each seller such that the buyer credit and seller reliability 
rating attributes must match those specified by the seller and buyer, respectively. 

A best match or a best matching pair of offers between each buyer and each seller 
?.-3 is determined in step 506. In the example shown in FIG. 1, a best match or the best 

; = 10 matching pair of offers is determined between each of Buyers A, B, C, and D and each of 

>: '4 

f" Sellers A, B, and C such that a total of 12 best matches are determined between the 

hJ buyers and sellers. 

The best matching pair or bids between a buyer and a seller is defined as the pair 

jirj of bids having the greatest surplus among all matching or compatible bids between the 

^ 15 buyer and seller. Matching or compatible bids have attribute values that are better than 
what the buyer specified or not as good as what the seller specified, if the market system 
has such automatic attribute value expansions feature for a given attribute. For example, 
a pair of buyer and seller bids having matching or compatible attribute values must 
necessarily have a seller price that is less than or equal to the buyer price. The buyer 
20 price is in essence what the buyer has specified as the maximum price the buyer is willing 
to pay for a good or service having the associated set of attribute values. Similarly, the 
seller price is in essence what the seller has specified as the minimum price the seller is 
willing to accept for a good or service having the associated set of attribute values. 
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After the best match between each buyer and each seller is determined in step 
506, a weighted bipartite graph is generated in 508 using the results of step 506. The 
weighted bipartite graph is in turn used to determine a maximal weighted matching in 
step 510. Finally, the optimal matches are output in step 512. Thus, in a periodic 
clearing mechanism, the market system outputs one set of results in step 512 for each 
periodic clearing. 

FIG. SB is a flow chart illustrating a process 550 for the automated market 
system to collect and continually clear bids from buyers and sellers. In a continual 
clearing mechanism, each time a new bid from a seller or a buyer is submitted, the market 
system processes and attempts to clear the new bid. A new offer is collected from a seller 
or a buyer in step 552. Any pre-assigned attributes are added to the new offer in step 
554. For example, buyer credit ratings may be assigned to each buyer and/or seller 
reliability ratings may be assigned to each seller such that the buyer credit and seller 
reliability rating attributes must match those specified by the seller and buyer, 
respectively. 

A best match or a best matching pair of bids between the new offer and 
previously unmatched offers is determined in step 556. The determination of the best 
match in step 556 may be similar to the determination of best matches in step 506 of the 
periodic clearing process 500. However, if the new offer is from a buyer, the new buyer 
offer is preferably only matched against previously unmatched seller offers although 
previously unmatched buyer offers may exist. If the new offer is compatible with at least 
one of the previously unmatched offers, then the best match between the new offer and 
previously unmatched offers is output in step 558. Step 560 determines if there are any 
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more buyer or seller offers. If there is, process 550 returns to step 552 to collect a new 
offer. If not, process 550 is complete. Alternatively or in conjunction therewith, the 
process 550 may end when a certain time limit is reached or when a certain threshold 
number of matches are made, for example. 

FIG. 6 is a flow chart illustrating the step 502 of collecting offers or bids from 
buyers and sellers. In step 602, the buyers and sellers are queried for attribute pricing. 
The query may be in the form of input screens such as those shown in FIGS. 2 and 3. 
Preferably, a set of nominal values for a predetermined set of attributes is the minimal 
input required for each buyer and each seller. Each buyer and seller may optionally also 
specify variances to the nominal values of the attributes. The variances to the nominal 
values of the attributes may optionally in turn be specified relative to the nominal price. 

In step 604, a set of offers or bids are generated from the attribute pricing input 
screens input by each seller and each buyer. In one embodiment, the set of bids may be 
generated using a listing such as the listing 400 shown in FIG. 4 and by generating 
combinations of the different values of the different attributes that would result in a price 
within an allowable price range, for example. As noted above, where a buyer specifies a 
maximum price, the combination of attribute values resulting in a price higher than the 
maximum price may be set to the maximum price. In addition, where a seller specifies a 
minimum price, the combination of attribute values resulting in a price lower than the 
minimum price may be set to the minimum price. In other cases where combinations of 
attribute values result in prices outside the specified price ranges, those bids or offers are 
preferably discarded. 
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FIG. 7 is a flow chart illustrating the step 506 of determining the best match 
between each buyer and each seller. First, lists of possible multi-attribute bids for each 
buyer and each seller are generated in step 702. The price of each multi-attribute bid is 
determined in step 704. Although steps 702 and 704 are shown as separate steps, the 
price may be determined simultaneously with the generating of the bids for each buyer 
and each seller. The price may be determined as an absolute value or as a value relative 
to the nominal price. 

Next, every possible bid of each buyer is compared with every possible bid of 
each seller to determine matching or compatible bids in step 706. For example, if a set of 
N multi-attribute exclusive bids was generated for a buyer and a set of M multi-attribute 
exclusive bids was generated for a seller, then the matching or compatible bids between 
the buyer and the seller are selected from N*M buyer-seller bid combinations. 

Matching or compatible bids refer to a buyer bid and a seller bid whose attribute 
values match, i.e. within the required range. For example, a buyer bid having a price of 
100 is not compatible and does not match a seller bid having a price of 1 10. On the other 
hand, a buyer bid having a price of 1 10 is price compatible and does match the price 
attribute of a seller bid having a price of 1 10. If all other values of the attributes similarly 
match or are compatible, then the bids between the buyer and seller match and are 
compatible. 

As noted above, in the case of a positive quantity attribute, the market system may 
automatically assume that a value specified by the seller includes all lesser values and 
that a value specified by the buyer includes all greater values. Conversely, in the case of 
a negative quantity attribute, the market system may automatically assume that a value 
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specified by the seller includes all greater values and that a value specified by the buyer 
includes all lesser values. 
^UlJ) A WFbr each pair of matching buyer-seller bids, a surplus is determined in step 708. 
The surplus is the difference between the buye/ price and the seller price for a given 



5 matching buyer-seller pair of bids, the buyeryprice being less than or equal to the seller 



price. For eachjsuyer-se^^ of bids having a highest surplus among 

all matching^ 710. 

Where there are two or more matching pairs of bids having the highest surplus 
among all matching bids of the buyer-seller pair, the market system may select one of the 
10 matching bid pairs based upon certain rules. In one embodiment, the selection may be 
automated by providing predetermined or preset rules. For example, the market system 
may first select one or more matching bid pairs having a lowest or a highest price and, if 
more than one matching bid pairs result, then selecting the matching bid pair having an 
earlier delivery date. Alternatively, an administrator or operator of the market system 
15 may manually select one of the matching bid pairs. However, where the process is not 
automated, the administrator or operator preferably intervenes only after determining that 
the buyer-seller match is included in the maximal weighted matching determined in step 

^(as shown in FIG 5). As will be described below, it is the value of the highest 
surplus that is utilized in the determination of the maximal weighted matching such that 
20 \ the specific combination of attributes associated with the surplus is not relevant at this 
point. 

FIG. 8 is a schematic of an example of a weighted bipartite graph 800. The 
buyers and the sellers are assigned as buyer nodes 802 and seller nodes 804 of the 
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weighted bipartite graph 800. The weighted bipartite graph 800 also includes an edge or 
link-between each buyer node and each seller node. An edge between a buyer and a 




seller represents the highest surplus or the best matching pair of bids between the 
^n-es{3gnding^bi ^er and seller .^ Further, the edges have weights or values equal to the( 
5 surplus of the corresponding best matching pair of buyer and seller bids determined in 
step 710 (as shown in FIG 7). 
/^l^Jp ^ ere * ere ^ n ° matc ^ n 2 between a&uyer and a seller, an edge having a 
weight of 0 may nonetheless be added. However, /f there are no matching bids between a 
buyer and any of the sellers (or between a selleryand any of the buyers), the 
10 corresponding buyer (or seller) node may be removed from the weighted bipartite graph 
800. If after the removal of all unmatched tomyers and/or sellers there are an unequal 
number of buyers and sellers, a dummy or added buyer or seller node is preferably added 
to the set of nodes such that there are an equal number of buyer and seller nodes. Thus, 
given N number of resulting nodes p\d N number of resulting seller nodes, the weighted 
15 bipartite graph 800 preferably incudes a total of N 2 edges. 

In the example shown in FIG. 8, there are more buyer nodes than seller nodes 
such that a dummy or added seller node 806 is added to the set of seller nodes 804, 
resulting in an equal number of buyer and seller nodes. Edges 808, 810, 812 of the 
bipartite graph 800 have as weights the highest surplus of the matching bids between 
20 Buyer A and Sellers A, B, and C, respectively. Edge 814 between Buyer A and Added 
Seller 806 is defined to have a weight of 0 such that it does not contribute in the 
determination of the maximal weighted matching. The other edges between each buyer 
and each seller are shown in dashed lines merely for purposes of clarity. 
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FIG. 9 is a schematic of an example of a maximal weighted matching obtained 
using the weighted bipartite graph 800 of FIG 8. The maximal weighted matching is an 
overall matching of the buyers and sellers. There may be numerous possible matching 
combinations of the weighted bipartite graph. Each matching combination comprises a 
5 subset of the edges where each buyer node and each seller is at a node of at most one of 
the edges of the subset. A matching combination having a largest sum of the weights 
among all the possible matching combinations is the maximal weighted matching. Thus, 
the highest overall surplus is a sum of the weights of the edges of the maximal weighted 
matching. 

10 C pi) ffi^ As shown, the maximal weighted matching indddes edges 902, 904, and 906 such 
that the combination of the best matches between Buyer A and Seller A, Buyer B and 
Seller C, and Buyer D and Seller B results in a highest overall surplus. The Added Seller 
is not part of the maximal weighted matching because all edges to the Added Seller have 
a weight of 0 and thus the Added Seller does no/t contribute to the overall surplus. 
lrStT^mT^J Determination of the maximal weighted matoning of a weighted bipartite graph, 
also k^own as the assignment problem, is known md described in, for example, Ahuja, 
Ravindra K., Thomas L. Magnanti, and James BYOrlin, "Network Flows: Theory, 
Algorithms, and Applications," 1993, (see, in particular Section 12.4), incorporated by 
reference herein. Examples of algorithms to iolve a maximal weighted matching or 
2j0 assignment problem include specialization^^ a network simplex algorithm, successive 
shortest path algorithm, Hungarian algorithm, relaxation algorithm, and cost scaling 
algorithm for a minimum cost flow problem. Many of these algorithms can be viewed as 
various adaptations of algorithms fo/ a minimum cost flow problem. Any such or other 
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suitable algorithms may bejjtittzed to determine the maximal weighted matching of 
multi-attributg^itfo 

Where two or more of the possible matching combinations of the weighted 
bipartite graph has a largest sum of the weights, the market system may select one of the 
5 matching combinations based upon certain rules. In one embodiment, the selection may 
be automated by providing predetermined or preset rules. For example, the market 
system may determine the sum of the seller reliabilities and/or buyer credit ratings for 
each of the maximal weight matching combinations and select the one with the highest 
sum of the seller reliabilities and/or the highest buyer credit ratings. As is evident, any 
10 other suitable rule may be implemented and applied to select one of a plurality of 

maximal weight matching combinations. Alternatively, an administrator or operator of 
the market system may manually select one of the maximal weight matching 
combinations. 

FIG. 10 is a flow chart illustrating the step 512 of outputting the optimal buyer- 
15 seller matches. After determining the maximal weighted matching, the market system 
preferably determines the price of each transaction between each matched pair of seller 
and buyer in step 1002. The surplus between the matched pair of seller and buyer may be 
split among the buyer, the seller, the market system, and/or any other parties. 

In one embodiment, all or a portion of the information relating to the bids 
20 submitted by the sellers, for example, may be available to the buyers, or vice versa. In 
such cases, the surplus may be distributed to the side that has disclosed the information, 
less a portion for transaction fee, for example. In other embodiments, all, some or none 
of the information relating to each side of the bidding process may be disclosed, for 
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example, to those on the same side of the bidding process, to those on the opposing side 
of the bidding process, or both. 

In step 1004, each matched pair of seller and buyer is notified of the match as 
well as the matched values of the attributes, including the price determined in step 1002. 
Various information regarding the matches may be selectively disseminated by the 
market system to other matched sellers and buyers, to unmatched sellers and buyers, for 
example, and/or to others outside of the group of participating buyers and sellers. The 
market system repeats the above-described process when it performs another clearing. 

The above described method and process are preferably implemented in a 
computer program product having computer codes that perform the various steps of the 
method and process. The computer codes are preferably stored in a computer readable 
medium , such as CD-ROM, zip disk, floppy disk, tape, flash memory, system memory, 
hard drive, and data signal embodied in a carrier wave, such as over a network. 

While the preferred embodiments of the present invention are described and 
illustrated herein, it will be appreciated that they are merely illustrative and that 
modifications can be made to these embodiments without departing from the spirit and 
scope of the invention. Thus, the invention is intended to be defined only in terms of the 
following claims. 
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